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C hin a
A B STRAC T
End m o rain eda m m ed lakeandgla cie rda m m ed lake outbtu stflo odB四M I)LOFB
BLnd G D L O Fs) a r ethe m o stimpo rta nt dis a ste r s r elatedglacierin C hin a_ T he
fo 皿 er happe n m由nlyin Tibet, and thelatte roc c u rpri mipal1yin the Xinjiang
Pr o vinc e･ Gr e atE M I)LOFsha v ebe e n r epo rted19 tim e B Sin c e1935, andr e c o rded
G D L O Fs ar e no w 30sin c e1956･ E M I)LO Fs a r e clo s ely a 占S O Ciated with ice
a valanche s
,
and 81 %of al l 鮎111 re S Of the da ms o c c u rduring Jbly to Angust
whe n ic e avalanche s o c c u rf equ e ntly･ GDL O Fs ofte n o c c u rin ye a r s of the
higheBt air te mpe r atu r e, and 63.3 % of an faihu e s a r ebetw e e nAn印St a nd
Septe mbe r whe n the Sto r age C apa city of the gla cier lake r eaches m axim u m.
Whetherthe e nd m o rain ed am m ed lake s a r e ofpote ntial daLnge rdepends O nthe
且o w of the gla cier thatfe eds the lake a nd the v e rtical diBtaLn C ebetw e e nthe
te rmin us ofthegla cie rand.thele v elof thelake.
I NT R OI)U C TIO N
Glacie rlake s of v ario us siz e s a nd Bhpe s a r ewi dely distributed･in the alpin e
r egio n s of Tibetan plate a u whe r ethepr e s e ntglaciets ar eBitu ated･. Cata str ophic
outbtl rStS fr o mgla cier lake s, pr o血c ed by v a rio u s c a u s e s, o c c u rfr equ e ntlyin
the s e r egio n s. Mo st of the m ha v ebe e nign o r ed a stheyhappe n ed in u ntra v ers ed
r e由on s･ Ⅱo w e v e r, the kno wn c at 8trOPhic outbur5tfro m gla cie rlake s, a s wdla B
m eltw ate r且o ods and debris且o w s
,
ha v e c aus eds e v e r eda m age wi thr e spe ct tohfe
a ndpr ope rty,fa r mland, w ate r c o n B e r V an Cy, C O m munic atio n s, transportatio n, etc.
ping, 1992). W iththe dev elopm e nt of c o n nu nic atio n aLnd tr a n spo rtatio n,
fa r nl ng a nd a nim al hu sba ndryin the w e st of Chin a, the dis a ste r s which ar e
br ought about by gla cie rlake outbur st flo ods and debris 且o w sha v e s e rio u sly
affe ctedlifea ndpr operty ande c o n omic re co nstru ctio n ofthe 8 ere由ons. The r efor e,
itisimpo rta nt a nd urge nt to u nde r Bt and thedistributio n oftheda ngero u sgla cie r
lake s and in o rde rto study the c aus e s Of theirbu r sts andto pr o m ote pr e v e ntiv e
m ea su re s. 吉e n c e, c ata strophic o11tbu r st血o m gla cie r
■lake sha v ebe e nbr o ught to
the atte ntion of BCie nti8tS
,
a nd v a riollS type s Of outbu rst dis a ste r sha v ebe e n
reported andstudied du 血 gthepa stde c ade 5任Iewitt, 1982;bl and Li, 1986;Liu
and S ha 皿 al
,
1988;Ⅹu , 1987;Ⅹu and.Fe ng, 1988, 1989;Zha ng and Zho u, 190;
Ding a nd L 山, 1992).
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Upto thepr e s e nt, o tltb11r St血o mlake sda m m ed by end m orain e shap pe n ed m ost
fr eque ntlyin the mi ddle s e ction of theIIim alaya s(Table 1). Tw e nty on e o -1tbu r st
fr o mlake s da m m ed by e nd m o rain e sha ve been in v e stigated･sinc e1935･ Fo r
e x ample, c ata str ophic outbur stfro m gla cier lake sin the Him alaya s in 195 4
in t ndated hu ndr eds ofr e side nti alar e a B, in cluding the citie sⅩigaz e, Gy angze
and Yado ng a nda nu mbe r of faLr mla nds, w ate r c o n S e rv a n cy a ndtr a氏cfa cili ties･
After the Da m enh aigla cie rlake bu r stin Gongbogyer nde cou ntyin 1964, the
o utbu r st且o od.ru shed do w nwiththe spe ed of10 m/s fro m 5120m a.s.I. ,
headed
dir e ct to the m ot1thofa cha n n elat about340 m a. sl and la血 ed at the side of
the Niya ng Riv er. T he outbur std.ebris 且o wpiled up a d･am in the v aney of the
Niya ngFiv e r, 20 m high, 850n long and150 wi d･e at thetop, which obstru cted
the Niy ang Riv e rfo r abo ut 10 hour s. T he 且o od. de stroyed･ the Sichatl n
- X 近ang
highw ay, c ut off thetr afRc for2 0 days,in undated m o st offo u rpa stu r ela nd5, and
w a shed a w ay alot oftr e e s o nboth Sid.e s of the gully. In 1981 the Zho ngz angbo
glacie rlakebuT St and deb 血s 且o w in the Nyala 皿 C O unty S m a Shed thehighw ayin
a D a皿ge Of 50 kn betw e e nthe olltlet of Zo ng2:a ngh0 酢1 1y and the S un Ko si
Po w e rStatio nin Nepal. h 1982 the Jin c ogla ciez
･ lake bu r st flo od.subm e rged
eightvillage s a nd ala rge n ll mbe r of fieldB, a nd m o r etha n 1600liv e stock w ere
killed.. In 1984 theErku ran gla cie rlake of the Gez riv e rba sin bu r st a nd･ o utbtlr St
皿ood and debris flo w blo ckedthe Ge z riv e r a nd da m aged the C hina-Pakist an
highw ay a ndab ri dge.
Table 1H isto ry ofo utbu r sts fro mlikesda m m ed by e nd m o rain e s
虹
些 軸
Nyainqe nt angha付io ngzha ngb R.
Hi皿 alaya sn oiqu Riv er
Eim alaya 自/ロp perKa ngm aR.
Nya血qe nta ng払 a/NiyangR.
Him alaya s/Up pe rNyangqu R.
He ngda u n/Up pe rYalong氏.
Hi皿 alaya s/Poiqu R.
Nyainqe nta ng】血a/NiyangR.
H lmalaya sPI
l
risulia
Him alaya s/Pu mqu R.
Nyainqe n七a ng払a仲Jiya ngR.
H im alaya s/Pll mqu R･
Nyainqe nta ng払 a/Nujia ngR.
Him alaya sn u mqu R.
Him alayasn oiqu R.
H i皿 alayasn u m qu R.
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ing andLiu, 1992;Ⅹu and Fen
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Tw otype s 0fpote ntially da nge r o u sgla cie rlake s a r ekno wn in C h 血a. On eis a n
e nd m o rain e a ndthe othe risthelake da m m ed by gla cie r. Outbtu stsfo r mlake s
da m m ed by e nd m o rain e s o c cu r in the Ⅱ 血 alaya s, the M iddle 甲d e a 5te m Of
Nyainqenta n軌 a 皿 0 untain s andthe s e ction s of Ee ngdaup m o u ntain 岬igu r e1)･T he d am s ofthe e nd1 - m o rain elake s a r e m ade up ofv a rl O u Ste r m血al m o rain e 5
thatfo rm edsin c ethe Littlelc eAge, of whichthe you nge st m o rain elake s, Which
a r e clo s etothepre s e ntgla cie r s, a rethe m o stda ngero u s.
Outbu rstfr o mgla cie r-da m m ed lake s a re mainly s c atte r ed o v e rthe Ea r ako r u m
m ountain s
,
the P amir a ndthe w est ofthe Tie nShan inthe w e st Of C hin a. T he
fa m ous gla cie r-da m m ed lake s, the Ta r a mkangri Lake and. Kyaga rLake, are
situ ated at the up pe r r e a che s ofthe Ya止 a nd riv e rin the Shaksga 皿 V aney. T he
Ta r a mk angri and Kyaga r Gla cie rs, both 1oc ated o n the n o rth slol) e S Of the
Ka r ako ru m
･
e xte nded-do wn to the Shaksga m valley a nd ha v eda m m ed TIP tw o
lake s
,
5 kn apa rt(Table 2)･ T he s etw ogla cie rlake sha v ebu r st r epe atedly, a B
re c o rded at Kaqll nghydr ologicalstatio n at the o utlet ofthe Ya rka nd riv e r sin c e
1954･ Upto n o w, m o r ethan 30o utbu r 5t5fr o mgla cie r-da m m ed lake sha v ebe e n
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Figu re 1 I)istributio n of 且o odB fro m glacier-da m med lake s(GI)L O Fs) a nd
flo odsfr o mlake sda m m ed bye nd m o rain e sOj;M D L O Fs).
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Table2. Data for Ta r amka n訂ia ndKyagarLake s(Zha ng a nd Zholl, 19 9.0)
Lake Al titude
m a.s.1.
Le ngth
km
Width
m
Volu m e
108m 8
M a 血 u m
depth
m
Le ngth of
Bar rieI･
Ⅹ m
Eyaga r
Tara mk angri
4836 4.93 398 0.60 85 1.5 1976- 1987
4900 9.4 8 638 3. 15 155 Po8tgla cialMa xim u m
4650 5.25 500 0.9 6 70 3
.8 1976-19 8 7
4672 7.41 610 1.92 90 Po stdacial Ma xim u m
r e c o rded･ Sin c e1956, ofwhichthe r eha v ebe e n20 tim e sin the Yarkand Riv e r, the
E ar ako ru m, six in the Eu n malike Riv er, Tie n Sha皿 n O untain s, tll ごe ein the
Sike 5lm mv er, Tie nSha m m o u ntain s,tw oin the Gez Riv e r, thePamir and o n ein
theQilia n m o u ntain s.
Glacier lake sliable to o utbu rsts are distributed m ainly o v e rthe 皿 Otl ntain o u s
bo rde r re由on s ofQinghai Ⅹkang Plate a u whe r ethere a r efr equ e nt n e ote cto nic
m ov e m e nts and highal tiude_ T hehighest C OnC e ntr atio n ofo utbu r sts 血o mlake s
da m m ed by e nd m orain e siBfou ndin the M iddle Him alayas arollndthe M二ou nt
Ev e r e 8t･ T he r egio n whe r e o11tbur5tS 血o m gla cie r- da m medlake s o c c u rfr equ e ntly
isin the Ka rako ru m whe r ethe s e c o nd highestpe ak inthe w o rld, Mo untQogir,iB
lo c ated. Si mi lar ake sin C hina are m o stly situ ated. betw e e n4500a nd 52 00m
a･s ･1･ T heir a r e a s a r etinder3 kn Bfo rthela rge st o n e s a nd o nly 0.O1 kn
皇
fo rthe
s m anest o ne s.
m S TTGA TIO N S O F O tJT BIJR S TSFR O M G L A CIE R-D A M M EI) I.A R E S
The n e cha ni8 m Of a n o utbn rstis c o mplic ated, but the exte rnal facto rs that
trig ge rit are ob viou s. Whe n agla cier lake c a n store w ate r, its1e v el wi nris e
wi th in c r e a singgla cier ablatio n. Co n s eqll e ntly, o tltbu rst5 fro m gla cie r-da m m ed
lake s ofte n o c c u rin ye a r sof the highe5t air te mpe r atu re 伊igu r e2). The
v oln m eof m o st ofo utbtlr StSi5 betw e e nlOOOand30 0 m
8
s
･1
･ T he r e a s o n why
fo u r of the 且o odB re a chedpe aks betw e en 5000and 6000n
畠
B
1
is be c a u s etw o
ic e- da m medlake s, Ta r a 皿kangria nd Eyaga T, bu r st at the s a m etim e. T hre e of
the fotl rla rge st flo odBin the Ya rk and. River, a nd all 且o odB inthe Kn n m alike
地 v e r
,
hap pe ned betw e e nAugust20 a nd Septe mbe r30, which is ov er a month
1ater than the m a xim u m ablatio nperiod in July･ Failure of the da m hap pe n s
m o stly betw e e n An印 St20 and Septembe r30whe nthe sto r age c apa city of
the gla cierlakes re a che s a m ah u m (Table 3).It mightbepo stulated that the
c ata str ophic outbu r 8t5 fro m gla cie r-daL n m ed lakes c an be pr edicted o n the
ba sis of w e athe rfo r e ca sts, whe n s atelhte im age s show that the lake shav e
r e a ched their m a xim u m a r e a.
In ge n e ral, theic ed･am s are n ot froze nto theirbed, w ate rfro m thelake do e s not
now o v e rthe da m, andthe lake 血ain sth oughsubgla cialch an n el. Afte r the
o utbu r st
,
the da mfo r m sagain .
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Figu r e2 Pe ak dis charge ofglacier outbu r sts ofthe Ya rkand_Riv e r at kaqun
8tatio n
,
n e a naiIte mpe r atu r ein Su m m e r and an n 11alpr e cipita也o n
at Ta shikurg an statio n(3090) m a.s .1). G D L O Fs a r eflo ods 血om
gla cie r-da m m ed lake sL
Table 3･ n mingofo tLtbtlr StS fro mgla cie r- da m medlake s andoutbu r stsfr o m
1ake sda 皿 m ed b_v end m orain e sのing and uu , 19 92)
Date
Outbu rsts 血o m gla cier - Otltbu r 5t5fro mlake s
d am m ed lake s Da m m ed by e nd m o rain e s
Nu mber % Nll mbe r %
J ulyto20 Augn st 7 23.3 13 61.9
20Augu st to30 Septe mber 14 46.7 6 28.6
afte r30 Septe mber 7 2 3.3 0 0
befo r elJ uly 2 6. 7 2 9.5
total 30 100 2 1 100
J uly 2 6.7 ■ 10 47.6
Augu st ll 36.7 7 33.4
Septe mber 8 26.6 2 9.5
othe r s 9 30.0 2 9.5
total 30 1 0 21 100
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Am e nd- m orain eda 皿 is differ e ntfr o m am a r由nalglacie rd-am . T he latter is
c o mpo s ed of ic e which e a sily m elts a nd c r a cks, but the fo rm e ris c o mposed of
tillof v a riot18 Siz e s a nd is n o r mally m u ch m o r e stabletha n theic eda m･ An
in v e nto ry of e xisting gla cie r lake s of the Pu mqu a nd Poiqu Riv ers in
H im alayasha v ebe e n m adeby a Sin o-Nepale s e e xpedition in v e stigating gla cie r
lake o utbu r stin Him alayasin 1988(Table4). Only3. 7 %ofthetotaln u nbe r of
the gla cie rlake s a nd 7･2 % ofthe e nd m orain e
- da m m ed lake s a r edu mping
gla cierlake s.
Table4. Gla cierlakein v e nto ryinthePoiqu andPu mqu ba sin s
a,iu a nd Sha m al. 1988)
Type oflake
Lake s Lake s Lake s M e a n
a r e a
M e a n
v olu me
M e an
depthn tl mbe r % of a r e a % of Volu ne % of
total km 2 total km 3 total km 2 km a m
Cirque 86 31.6 6.56 l,7 0.066 4.4 0.076 0.77 10
Tr oughv alley 47 17.3 12.47 22.2 0.312 20,7 0.265 6. 3 25
e nd m o r ain e- dam m ed 139 51.2 3 7,09 66.1 1.124 74.9 0.267 8.09 30
total 272 56.ll 1.501
T he follo wing m orphologic al featu r e schr a cteri2X)the da nger ous e nd･ m o raine d am s:ithas
clo sed lakeba sin, aheightof dam ov er80m , a r atio of da m height to thetop wi dth les sthan
o.6
,
an a ngle ofslope ofthe outside ofthe dam ofabo tL23
o
a nd a w aterdepth atd am ove r
one-third of its height(Xn and Feng, 1 989)I_
Further, the da m co ntains ice co r ethat m ay
r educ etheir stability. Ho w e v e r, a static pre s sure maintained bythe lake is stilln ot high
en oughto bu rst theda m witho ut an additio n alexlernala ction being exerted･ T heinv e stigated
outbursts &o mlake sda m med byend m o r aine s w er all induc edbyic eavala nchesthat c am e
&o mthe gla ciersfe edingthe h ke s･ In e a ch c as e, a nic e a valanche dr op ped s uddenly intothe
lake and swiftand violent w a v e str aveled do wn the lake, c r e ating br e a ches inthe d am ･
Be caus e anice avalancheis as sociated clo sely with m elting of ic e, the periods of m a xim u m
ablatio nalso a retho s eof freque n tic e a valanches･ He n c e, 81･0 % of al1failu r es ofthe d am s
oc c urduringthehotte st m o nths of Julya ndAugll St(Table3)･
Whethe r o rnot the end m o rain e-da m m ed lake s a r edangerou s depe nds o n the
且o w of the gla cie rthatfe edB thelake. In an ad_v a n cing gla cie r, the glacie rto ngu e
is s oste ep that m a ny c r a cks de v elop a nd ic e avalan che s a r e e a sily pr odu c ed･ Ic e
a vala n血e s 姐 ngintothelake w皿 c re ate w a v e s of lmge s ll rging pr e s su r eto the
da n w an. On the othe rha nd, whe n agla cier exte nds do Ⅵ 1intothelake alo ng a
ge ntle slope,ic e slid inginto thelake c r e ate s s mal lpr e s su r e stOthe da m wal l･ T he
a r e a s ofthe gla cie r s abo v ethe e nd･
- m orain elake s a r e u sallybetw e e nl･5 a nd5･5
kn 丑 a nd the gla cier s a re betw e e n1 a nd 4 kn 1o ng･ T he gla cie rtongu eis
gen e rallyloc ated in a ste ep depr e s sion or a valley, wi ththelo we rpa rtin an
extended state, s othatcra ckste nd. tofor m . T hu s, itisimporta ntto u ndersta nd
r e c ent de v elopm e nt a nd m o rphological fe atu r e s of the gla cie r to dete rmin e
whethe r an e nd m orain e- dam medlakeis ofpote nti al dange r. Table5sho w s 5 0m e
typicalend. m o rain e
- d am m ed lake sin the middle H im alaya s ofChin a･ It c anbe
s e e nthat the pote nti ally d･a nge r o u slake sha v e alarge rlake a r e a and s mal
e r
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gla cier a r e a, a Shorter distan c efr o m the gla cier te rmin u stO the lake a nd a
ste epe r angle ofslopetothe gla cie rto ngu eth an the stable, n otda nge r o u s1ake B･
Table5. Co mp 紅is o nofdangero u s a ndstable mora血e- d am m edlake s
in Him alaya Bのing a nd I血 , 1992)
Lake Gla cie r
al tiud.e
m a.a .1.
a re a
km 2
Dista n c e
to gla cie r
M
te r minu s
ele v atio n
m a.s .1.
Le ngth
km
a r e a
kn2
aver age
slope
%
D ange r ou s:
Jinc o 5350 0.550 0 5350 3.8 3.2 4 34.4
Cox a r 5 4200.660 0 54 40 2.8 3.43 23.6
A 血a m a chim aic o 54 70 0.565 0 5200 3.8 1.6 6 15.7
PaqllC O
St,able :
Do ngylCO
5 300
4980
0.5 06
0.04
0
600
5320
5800
4.0
3.1
5.40
5.2 5
17.8
18.5
Zonbu x a nNo.1 3 53 20 .198 0 5360 12.5 24.39 7.2
Kada No. 13 55700.191 30 5460 8.0 14.49 ll.0
Zo ngbu x anNo.2 5670 0.072 300 5750 5.0 4.9 6 5.1
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